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Quadrature Amplitude 
Modulation (QAM) 


Quadrature Amplitude Modulation is 
an indispensable modern transmission 
tool but the working principle is some- 
what mysterious. This article hopes to 
create clarity using LTspice on a PC to 
give the interested reader proof. 


if 


Basic information 


Very often in communications technol- 
ogy, two completely independent pieces 
information must be transmitted at the 
same time using the same carrier fre- 
quency on the same channel. 


Using a mathematical example, a coordi- 
nate system can be arranged with two 
axes perpendicular to one another. If the 
two signals use the two axes then it 
suddenly becomes completely simple: If 
these two are summed then only one total 
signal is transmitted. 


Technically this means that the two dif- 
ferent information signals modulate two 
separated carrier signals (using AM) with 
a 90° phase shift but with same fre- 
quency. Each individual carrier changes 
both its amplitude and its sign in sympa- 
thy with its axis information. These two 
carrier signals (called the I = in phase 
signal and Q = quadrature phase signal) 
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simply add and the QAM signal is the 
result. 


This QAM signal can now be sent with- 
out problems as an individual carrier over 
the existing channel, although it actually 
consists of two completely different 
pieces of information. Its amplitude and 
phase change nonstop and the receiver 
must evaluate these two characteristics 
continuously in order to recover the 
original signals. 


This trick originates in vector analysis 
that has been well known for many 
centuries. Everything is represented by a 
point in a coordinate system, either by its 
X coordinate and Y coordinate or by a 
phase and magnitude of the point from 
the zero point of the diagram. 


In the communications this was used for 
the first time with the transition from the 
black-and-white to the colour television. 
The colour information was packed into 
the same television channel; a Chroma 
signal was added to the black-and-white 
picture (Y signal). This was at the upper 
frequency of the Y signal of S5MHz, in 
Europe this was at 4.43MHz so that the 
two signals affect each other as little as 
possible. 


This Chroma signal consists of informa- 
tion about the blue (more correctly B-Y) 
on the horizontal axis and the red (more 
correctly R-Y) on the vertical axis. But a 
colour image is built from three portions; 
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Feq\-Tspice IV - Tutorial QAM_01 
File View Plot Settings Simulation Tools Window Help 


Ase T 4° Q@€QQQR EG Ete tow 36 


{Tutorial QAM_01 | % Tutorial_QAM_01 


i E Jel) = 


.tran 0 20ms 0 20n 
.option plotwinsize=0 


The Q signal starts with a phase 
angle of zero degrees 


PULSE(-1 1 0 50ns 50n 24.95us 50us) 


ae The I signal is 90 degrees later . 
by using a 12.5 microsecond delay | Tg 


. .JFrequency= 20kHz / Phase = -90 Grad 


0.6¥- 


PULSE(-1 1 12.5us 50ns 50ns 24.95us 50us) 0.8 


k=22.3ips y= 1.039V 
Vay Uspice 1 - Tutorial_.. 


1 
10015} 


Fig 1: This is the fundamental QAM sigiiale two carriers with the same 


frequency but 90° phase shift (see text). 


red, green and blue and it would seem 
that at the receiver the green information 
is missing. It is not like that because the 
radiated black-and-white picture consists 
of the three portions red, green and blue 
in an accurately known relationship (in 
accordance with the relative luminosity 
curve). If the red and blue are recovered 
using quadrature demodulation of the 
Chroma signal, the remainder is very 
easy: If the accurately known portions of 
red and blue are subtracted from the 
black-and-white picture only green re- 
mains. 


The actual QAM problems lie on the 
receiver side. It must be supplied nonstop 
with sufficient information about the ref- 
erence phase, which sounds more com- 
plicated than it is. The receiver needs 
exactly the same coordinate system as the 
transmitter to decode the momentary 
value of the QAM signal as phase and 


magnitude to read off the values of the X 
coordinate and Y coordinate from both 
axes. 


For colour television this is achieved by 
transmitting 10 to 12 cycles with the zero 
phase position in the horizontal synchro- 
nising signal of the transmission. Be- 
cause the screen is blanked during the 
synchronising signal this reference signal 
(burst) does not cause any picture distur- 
bance. The burst synchronises a crystal 
oscillator and with an additional circuit it 
produces two reference carriers for the 
QAM demodulator with a 90° phase shift 
to demodulate the I and Q signals. 


For digital transmissions the problem of 
the reference phase is clearly more diffi- 
cult. Many channel transmissions use one 
reference channel to recover the refer- 
ence in the receiver from a simple and 
visible but accurately specified bit se- 
quence. Naturally there are other possi- 
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Frequency spectrum of the I carrier 


3 x 20kHz 
= 60kHz 


40KHz 60KHz 80KHz 100KHz 120KHz 


bilities that do not use an additional 
reference channel, however these are a 
more complex topics outside the scope of 
this article. 


2. 
Producing a QAM signal 


The tasks: Two information signals are 
to be transmitted by QAM on a 20kHz 
carrier. The following data applies: 


e Signal A (I channel) is a sine wave 
f = 1000Hz and a peak value of 
0.5V. 


BBet sBem AS LY92F37DV09 


140KHz 
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SAE Fig 2: The 
attenuation of the 
harmonics can be 
seen best with the 
symetrical square 
wave signal. 


160KHz 


e Signal B (Q channel) is a square 
wave f = 500Hz with a minimum 
value of OV and a maximum value 
of 1V. 


e The two carrier components (I and 
Q) are symmetrical square wave 
signals. Their frequency is f = 
20kHz, the minimum value is -1V 
the maximum value is +1V. The I 
signal is 90° behind the Q signal. 


Using LTspice the voltage supplies for 
the carrier are programmed first. 


180KHz 


Two symmetrical square wave signals 
with the same frequency (f = 20kHz) and 
an amplitude of 1V (no DC portion) are 
used with a phase difference of 90°. Rise 
and fall times are 5Ons in each case. 


“Fig 3: A 1000Hz 


-tran 0 20ms 0 20ns R1 


signal source with 
55=/a low pass filter for 
the I channel. 
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FAL Tspice IV - Tutorial QAM_03 
Ele Yew Blt Settings ‘Smuation Tools Window Help 
Aca rT # QQQR ED Bae teem OS 


Fig 4: The same 
technique is used 


{_ Tuto 04M, 03/ 4 Tutoal GAM_03 


AS 2&2 Tutorial_QAM_03 


-tran 0 20ms 0 20n 
option plotwinsize=0 


* 
C%ok 
47n 


S 


'ULSE(0 10 50ns 50ns 0.99995ms 2ms) 
N 


N/\ a 
ou 0.5 1000) 


*— Sin_1000H; 


Gaa|for the Q channel 
to generate a 
500Hz square wave 


Unfiltered square wave 


ft-Clck to manualy enter Left Vertical Axis Limts 


Note: An advance of the phase in de- 
grees cannot be programmed in SPICE; 
therefore the I signal is delayed by 
12.5us for f = 20kHz. This gives the 
desired phase difference of 90°. 


This results in the following source pro- 
gramming of the Q signal: 


PULSE(-1 1 0 50ns 50n 24.95us 50us) 
and the I signal: 


PULSE(-1 1 12.5us 50ns 50ns 24.95us 
50us) 


Simulation is for t = 20ms with a maxi- 
mum time step of 20ns. Clicking the 
button with the hammer opens the SPICE 


Square wave signal 
Spectrum before filtering 


Square wave signal 
Spectrum after filtering 
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Fei Tspice IW - [Tutorial OAM 04] 
¥ File View Plot Settings Simulation Tools Window Help 


QQQRQ SS RB tem OS / 7 


Asa Tt + 


Q|Signal 


Q Baseband Signal 
ee 


7) Start Voj UTspice 1¥ - [Tutorial_. 


Fig 7: It is worthwhile to study the ind 


control panel; select “Gear” under “De- 
fault Integration Method” (this increases 
the stability of the simulation). 


With t = 20ms the FFT spectrum shows 
frequencies from 1/20ms = 50Hz. The 
maximum time step of 20ns guarantees 
that the simulator routine cannot ignore 
the rise and fall time of 50ns of the pulse 
signals. 


The SPICE data compression is switched 
off with the directive “option plotwinsize 
= 0”. This guarantees a genuine number 
of samples for the FFT of: 


20ms / 20ns = 1,000,000 samples 


Who is surprised by the 24.95us instead 
of 25us for the pulse length? Consider: 


The pulse length is actually only the 
time when the signal exhibits the posi- 
tive maximum value. Therefore the rise 
time must be taken off if the signal is to 


(= Paine Shop Pro-[Q8... |G LTspice.4_d-corr-MWi... |G Kapitel_21-Moduiato,.. 


ual signals (see text). 


remain symmetrical. Symmetry control 
is quick and easy if an FFT with 
524,288 samples is used for one of the 
two signals (that is allowed because 
20ms / 20ns = 1,000,000 samples and 
more samples for the FFT result in a 
greater frequency range and dynamic 
range). 


The result of the simulation in the time 
domain is shown in Fig 1. 


Fig 2 shows the spectrum of the I signal 
after the FFT (Help: with the right mouse 
button on the potential gradient click 
“View” and “FFT’). Only odd number 
harmonics can be seen, unwanted even 
harmonics are attenuated by more than 
70dB. That is a good indication of almost 
perfect symmetry of the square wave 
signal. 


Now the baseband signals are pro- 
grammed. Two more voltage supplies are 
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ial OAM_05 | $3 Tuva Gam. 05) Be Tuna GAN_05 


20kHz carrier ne 


LSB and USB I 
information (1000Hz 


spectrum around 
the 20kHz carrier. 


sine wave) 


“) LSB Q information 
_ | (500Hz square wave) 


USB Q information 
(500Hz square wave) 


used with simple lowpass filters having a 
cutoff frequency of approximately 
3.4kHz to limit the bandwidth (the upper 
cutoff frequency of a telephone channel). 
This avoids problems of frequency band 
overlaps (Aliasing) at the following car- 
rier modulation stage. 


Start with a sine wave signal (f = 1000Hz 
/ peak value = 0.5V) for the I channel. 
Fig 3 contains all the necessary informa- 
tion, the entry for this voltage supply is: 


itorial_QAM_04[1]] 
jimulation Tools Window Help 
QQQRQ BI BBY thaw ass 6 


SINE (0 0.5 1000). 


The voltage supply for the square wave 
signal for the Q channel can be added to 
the same simulation diagram (minimum 
value = OV, maximum value = +1V, 
frequency = 500Hz). This is: 


PULSE (0 1 0 50n 50n 0.99995ms 
2ms) 


the rise time must be taken off of the 
pulse length again for perfect symmetry 


{Tutor GAM_04 | $£% Tutorial OAM_04 $% Tutorial QAM_04 YS Tonal OAM Ot) 
OdB- 


60kHz = 3 x 20kHz 
100kHz = 5 x 20kHz 


spectrum is exactly 
as the theory but 
adjacent channels 
would suffer from 
interference. 


140kHz = 7 x 20kHz 


180kHz = 9 x 20kHz 
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iBandPass 
Poles:3 | 
Zsource =58 


LowPass HighPass 


Bandwidth: 6.6068 


BandReject NarrowBP 


Fig 10: The input 
window for the 
filter program 
"fds". 


Do you specify 3 dB or ripple width? (r/3)3 


(Fig 4). A view of the effect of the filter 
is interesting (lowpass filter at the output) 
showing the harmonics of this square 
wave Fig 5. The signals above 5kHz are 
attenuated by more than 40dB. 


Fig 6 is interesting because it shows the 
complete QAM modulation process us- 
ing two "bv voltage sources" and so 
some explanations are necessary: 


The bv voltage supply is an LTspice 
component which represents an ideal 
analogue multiplier to multiply each 
carrier component with its baseband 
signal. So every baseband signal is 
modulated to its belonging diagram 
axis resp. the belonging carrier signal 
with f=20kHz As required this multi- 
plier inverts the phase of the carrier if 
the baseband is negative. 


The addition of the I and Q signals is 
carried out using a simple resistance 
network following each modulator that 
attenuates the signal amplitude by 
around a factor of 10. A times ten 
amplification is included in each multi- 
plier to compensate for this attenuation. 


The necessary formula inputs for the two 
multiplying stages are therefore: 


for the I path: 


The Filter values are 


774453 .632 pf in a PLC with 79769.866 nH 
1648062 .221 nH in a SLC with 38424.362 pF ser 


794453 .632 pf in a PLC with 7?7769.8@0 nH 


CSdave to file ¢P>rint or 


CGont? 


V = 10 * V(V_I) * V(Sin_1000Hz) 
and for the Q path: 
V = 10 * V(V_Q) * V(SQ_500Hz). 


The details shown in Fig 7 are interest- 
ing. The phase change for both informa- 
tion signals (I signal and Q signal) is in 
the rhythm with the carrier frequency of 
20kHz. After adding the two carrier 
components their phase difference of 90° 
is clearly visible in the QAM signal. 


But how does the spectrum of such a 
QAM signal look? Using the FFT with 
524,288 samples the result is shown in 
Fig 8. There are not many surprises 
because as expected there is a carrier 
frequency of 20kHz and the sum and the 
difference frequency for the baseband 
sine wave of IkHz in the I channel. The 
square wave on the Q channel with its 
familiar (however already somewhat fil- 
tered) collection of odd harmonious pro- 
duces the easily recognisable lower side- 
band (LSB) and upper sideband (USB). 


Since the carrier is a square wave it must 
repeat itself with each odd harmonic of 
the carrier frequency as shown in Fig 9. 
Some more must surely be done to 
minimise the interference spectrum. 


Fig 11: The 
calculated values 
for the filter 
components (see 
text). 


par 


par 
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FeAiispice WV Tutorial_OAM_O9 
File View Plot Settings Simulation Tools Window Help 


Aaci rT # Q2QAQR BPG ABE tae BES 


om 


4X Tutorial QAM_09 |X Tutorial QAM_10 


% = [o)~) 


option plotwinsize-0 
tran 0 20ms 0 20n 


include opamp.sub 


g ¢ a 
PULSE(O 1 0 50n 50n 0.99995m 2m) 


PULSE(-1 1 0 50n S0n24.95n S0u) 


_ OPV + BPF 


Tae 


V=10*V(V_Q)*V(SQ_S00Hz)~“A 


V=10*V(V_D*V(Sin_1000Hz) 


¢ Pe 
SINE(0 0.5 RED) 


PULSE(1 1 12.5u 50n 50n 24.95u 50u) 


k=4.30ms y=-0.194V 


utorial_QAM_09 
Q Baseband signal [ 
Q Signal 


QAM Signal 
(Bandwidth limited ) 


ian W- Y -Tetorial 


ahSieie 


3. 


Filtering the QAM signal to 
adjust the channel spacing 


As shown in Fig 9 the spectrum of the 
QAM signal in this form is not suitable 
for transmission because adjacent chan- 
nels are often needed (for FDM = fre- 
quency division multiplex). The channels 
should not disturb each other therefore 
each channel requires a suitable sharp 
bandpass filter to isolate it from its 
neighbours. A non-inverting operation 
amplifier with a gain of two follows the 
adding network for QAM production. It 
has an additional internal resistor of 50Q 
and can feed a bandpass filter with a 
range of 6.8kHz and Ri = RA = 50Q. 


The bandpass filter design is childs play 
with today's programs (from the Inter- 
net). The choice of program is large but I 
use (probably from habit, because the 


program has been installed for many 
years and because it is quicker to use) an 
old DOS program named “fds.exe “. And 
these are the necessary inputs: 


e Bandpass filter, Tschebyschef type 


e Filter degree = number of the poles 


=n=3 
e Zin = Zout = 50Q 
e Ripple = 0.3dB 


e Centre frequency = 20kHz 
e 3dB bandwidth = 6.8kHz 


The input screen for the program is 
shown in Fig 10. Fig 11 gives the 
calculation results and “PLC” means 
“Parallel resonant LC Circuit” resp. 
“SLC” means “Series Resonant LC Cir- 
cuit”. 

A test circuit is developed in LTspice and 
the filter curve including attenuation is 
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66dB 


("spurious free range") 


examined as shown in Fig 12. The 
following things require an explanation: 


e options plotwinsize = 0 means that 
the data compression is switched 
off. 


e .ac DEC 501 1 100k results in a 
decade AC sweep from 1Hz to 
100kHz and 501 points per decade 


e For this AC sweep the amplitude is 
1 and the phase must be set to 0 for 
the voltage supply V1 (AC 1 0) 
using the Properties of the voltage 
supply 


e The operation amplifier comes 
from the library folder "Opamps" 
as "opamp" 


e The Opamp must be activated in 
the SPICE model using the 
“include opamp.sub” directive. 


e The output voltage at the load 
resistance of 500 is attenuated 
(because of the attenuation in the 
filter) by 6dB = factor 2. Therefore 
the non-inverting operation ampli- 
fier circuit with a gain G = 2 Is 
required so that at the filter output 
is the same level as at the input of 
the Opamps. 
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Clicking the button with the hammer 
opens the SPICE control panel; select 
“Gear” under “Default Integration 
Method” (this increases the stability of 
the simulation). Fig 12 shows the result 
giving the “all-clear” for this simulation. 


Some work is required because the 
Opamp including the bandpass filter 
must be inserted in the large diagram for 
QAM production and a new simulation 
be started (Fig 13). A view of the 
spectrum is interesting, the band-limited 
QAM signal is shown in Fig 14. Now the 
adjacent channels cannot disturb each 
other, as they could with Fig 9 because 
the minimum attenuation of the un- 
wanted signals amounts to 66dB. 


4. 


Demodulation of the QAM 
signal 


4.1. Principle of synchronous 
demodulation 


On the receive side the two signals must 
be separated again and in addition the 
coordinate system used on the transmitter 
side is required. As already mentioned 
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eA Tspice IV - Tutorial OAM_11 
File View Plot Settings Simulation Tools Window Help 


ASAT #4" QQQR BI BSat thee 8S 


{Tutorial GAM_11| 4% Tutorial GAM_11 
q (- Ox) 


reference_carrier 


PULSE(-1 1 0 50n 50n 24.95us 50u) 
signal 
No delay necessary 
(reference carrier and 
signal in-phase) 
SINE(0 0.5 201 


R5 R4 
1k 


A\ /\-#-\/\—4—detector_out 


C4 
940pF 


B1 


S 
_/Synchronous 
detector 


 V=V(reference_carrier)*V(signal) 


.option plotwinsize=0 
.tran 0 20m 0 20n 


24 Tutorial_QAM_11 


V{reference_carrier) 


"reference carrier" and 
in phase signals 


Detector-Output = 318mV 
= (500mV)*(2/-Pi) 


Tspice 1V- 


g 15: The principle of the synchronous detector on the in phase signals (see 
text). 


this is the first and most important task in 
the receiver but that is a complex area. 


Therefore it is simply assumed that this 
problem is already solved and the two 
carrier signals required with a 90° phase 
shift are available. 


For the recovery of the two signals, I and 
Q, two product detectors are required. 
The received QAM signal is supplied to 
them together, but each detector is also 
fed with its associated carrier signal. This 
supplies the two different phase positions 
between QAM signal and carrier signal 
as demodulated in Fig 15 and 16. In Fig 
15 an in phase signal is demodulared and 
after the multiplication of the two signals 
it can be seen that the circuit behaves like 
a bridge rectifier. The negative half 
waves of the QAM signal are commu- 
tated by the negative carrier square wave 
signal (third diagram from the top) with a 
QAM peak value of 500mVs the arithme- 


tic average value is produced at the 
output of the detector after the filtering. 
V sch ve = 500mV .2 


Vino = =318mV 
5 5 


It is Just the same as the text book says... 


Fig 16 shows the case for those QAM 
signal components out of phase in rela- 
tion to the carrier by 90°. There the 
voltage at the output of the detector 
reaches zero because a pure alternating 
voltage is produced after multiplication 
with equal positive and negative transi- 
tions without any DC voltage component 
(third diagram from the top). 


4.2. The simulation of the complete 
QAM Demodulator 


The main items required are two “bv” 
voltage sources for the usage as analogue 
multipliers. 
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{Tutorial QAM_12) #% Tutorial GAM_12 


is SE 


reference_carrier 


PULSE(-1 1 0 50n 50n 24.95us 50u) 


signal 
A delay of 12.5us at 
V2 20kHz gives a 90 
degree phase shift 


@ 
SINE(0 0.5 anfasi) 
We 


=—detector_out 


Bi Synchronous 
detector 


C4 
940pF 


V=V(reference_carrier)*V(signal) 


-option plotwinsize=0 
-tran 0 20m 0 20n 


X= 1,0112ms _y = 305.56m¥ 


"reference carrier" and "'sig} 
90 degree phase shift 
(quadratuure phase) 


pure alternating signal 


1.10ms 


aj Uspice 1V - Tutorial_. 


Fig 16: Demodulation of the quadrature phase signal i is not more difficult to 
understand. 


As discussed, each circuit receives the 
QAM signal as well as the appropriate 
carrier component with the suitable phase 
position. By multiplication the signals 
relating to the correct phase position are 
retrieved (the phase position agreeing). 


The necessary formula inputs for the two 
bv sources are therefore: 


for the Q path: 

V = V (V_QAM) * V (V_Q) 
and for the I path: 

V = V (V_QAM) * V (V_D 


Thus the output of each multiplier will be 
the appropriate baseband signal. 


A lowpass filter circuit at the output of 
each demodulator will remove the carrier 
frequency harmonics as shown in Fig 17. 
It can be seen that after demodulation the 
two information signals transferred are 
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identical to the baseband signals sup- 
plied. Only the rounded off corners and 
the tired edges of the square wave indi- 
cate that its harmonics were reduced. 
Also there is a time delay of the two 
output signals that indicates the time 
delays caused by the limited bandwidths 
of the filter circuits in each channel. But 
this is exactly the well known “group 
delay". 


5. 
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Sources of external noise and its 
effects on radio reception 


The spectrum is heavily loaded with 
atmospheric and cosmic radiation that 
is dependant on the receive frequency, 
the receive mode and the antenna. 
Additionally ever increasing sources 
arise from the so-called industrial 
noise or technical noise. These can 
impair or prevent reception of the 
smallest signals. The specification for a 
receiver sensitivity determined by the 
self-noise are partly to blame. There- 
fore it is important to know the exter- 
nal sources of noise that contribute to 
the quality of radio reception. 


The following article considers this for 
the frequency range between 1Hz and 
100GHz. The definition and meaning 
of receiver sensitivity is described in 
[1] as well as the different types. 


1. 


Introduction 


For most receive modes the actual usable 
sensitivity of a radio receiver depends 
greatly on the receive frequency. This is 
caused by the sum of all the noise like 
signals received by the antenna. Because 
the noise from the antenna is often higher 
than the thermal noise of the radiation 
resistance of the antenna; it is called 
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external noise. The primary sources of 
radiation causing the noise can be classi- 
fied as follows: 


e Atmospheric noise; for low receive 
frequencies this is due to world- 
wide lightning discharges, Fig 1 (a 
high number of lightning strikes 
happen each second particularly in 
the tropics). On higher receive fre- 
quencies the cause is atmospheric 
gases and hydraulic meteors (a 
generic term for all forms of con- 
densed water - “hydraulic” - that 
are observed in the atmosphere). 


e Galactic and cosmic noise; on high 
receive frequencies where the iono- 
sphere is permeable the noise is 
generated by radioactive heavenly 
bodies, the centre of the Milky 
Way and the Sun. This is known as 
the cosmic background radiation. 


e Earth or ground noise due to the 
earth and the earth's surface (Fig 
2). This is because each body that 
absorbs radiation also produces ra- 
diation, dependent on its tempera- 
ture, the roughness of the surface, 
the humidity and the frequency. A 
concrete surface or a stony moun- 
tain face pours out radiation com- 
pared to a lawn [2]. A hypothetical 
ideal black body [3] would have 
the greatest capacity to absorb ra- 
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Fig 1: Energy sources such as high voltage lines and suns (right) contribute to 
the external noise level. 


diation and would also produce the 
greatest thermal radiating power at 
the given temperature. Since such a 
body radiates equally in each direc- 
tion the radiation produced by it is 
the same in all directions. It does 
not depend on the material condi- 
tion, only on the temperature. The 
thermal radiation produced by a 
black body has a universal charac- 
ter and no material body can radi- 
ate stronger at any frequency than a 
black body. Therefore the radiating 
power of a material body is re- 
ferred to the maximum value given 
by the black body. 


The relationship of the radiation 
intensity delivered by a body to the 
radiation intensity of a black body 
at the same temperature is the 
emissivity. This can take values 
between 0 and 1 [3]. The earth 
shows different colouring explain- 
ing the different noise intensities; it 
is not a black body 


e Thermal noise or Johnson noise, 
Nyquist noise or resistor noise; 
caused by ohmic loss resistance 
due to the varying speed of the 
electrons and from irregular lattice 
vibrations that transfer charge car- 
riers by impact. (The resistor noise 
is not, by definition, among the 
sources of external noise, it is 
however produced by the material 
of an antenna. Its actual contribu- 


tion determines the antenna effi- 
ciency). 


e Technical or man made _ noise; 
caused by all kinds of electrical 
switching transitions, sparks, im- 
pulses etc. due to insufficient or 
defective electromagnetic shielding 
or noise suppression. (Causes in- 
clude, igniting sparks, switching in 
the lighting systems, phase con- 
trols, neon tubes, fluorescent lamp 
ballasts, fast switching edges in 
switch mode power supplies, 
power transformers, plasma dis- 
plays etc.) 


Signals received over the air from a 
distance have a noise characteristic. The 
sum level can be so strong from low 
frequencies up to VHF that the weakest 
receivable information signal is not de- 
termined by the self-noise of the RF 
amplifiers used. In modification of the 
definition for noise figure/factor ({1] and 
Fig 3) it can be determined by the 
external noise figure and is universally 
represented as the relationship of the 
entire received noise power to the ther- 
mal noise power. Because the external 
noise figure (Fig 4) in dB, according to 
the definition from [6] is more or less the 
noise power of the antenna at the receiv- 
ing location represented as the ohmic 
resistance of the real part of the feed 
impedance of the antenna at 290K. (Also 
known as the noise temperature as shown 
in Fig 3 and Fig 4). 
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= = 1150 K) 


-0,8 dB 
(240 K) 


Fig 2: Noise levels of the earth's surface, the figures shown are for 14GHz in 
accordance with the ESA/EUTELSAT model [4]. Frequently if the noise 
temperature of the earth is 290K. [5] states that "The earth can be approxi- 
mated as a black body radiator with an average temperature of 290K. If an 
antenna had its entire radiation pattern directed towards the ground, the 
temperature would be approximately 290K. The precise temperature will vary 
somewhat with the local terrain and physical temperature of the earth 
surface". 


2. where 


F ,, = receiver noise figure in dB 


Fra 

The intensity of the external noise for the 
Consider a receiving system and receiv- receive mode depends upon: 
ing antenna, Table 1 shows the receiver ; 
coupled to the antennas so that the e the receive frequency 
smallest perceptible signals are deter- 
mined by the external noise if they are 
greater than the receiver noise level. The 
following is desirable: 


Peat Baas (GI. 1) e the time of operation (day/season) 


System calculation 
= external noise figure, in dB 


e the receive location (for example 
quiet rurally, urban or industrial 
environment) 
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Two-port 


R DUT 
k +290 K-B, 


Fi, = 10+ IglF) 


af Ke 290 1K * D. 
F = ——_____— 


T, = 290 K+(F - 1) 


Fig 3: The definition of noise 
factor/figure/temperature for a two- 
port. The interpretation of external 
noise factor/figure is shown in Fig 4. 
The available thermal noise power at 
the reference temperature is also 
considered. Table 1 shows simple 
examples of noise received from the 
environment to show this distinction. 
(k = 1.38 x 10% Ws/K; P, pur = Pp ou 
V xP, ,, W; B, = equivalent noise 
bandwidth in Hz) 


and the propagation conditions 
(ionospheric) 


e the receiving antenna used, possi- 
bly directional and the elevation of 
the lobe, 


e the antenna adjustment. 


3. 


Estimating the intensity of the 
external noise 


The data and evaluation from [6] can be 
used to make an educated quantification 


Receive antenna 


P 


R Ant 


kk + 290 K +B, 
F, yg = 10+ IglF,) 
li 3 290 KF, 


Fig 4: The definition of external noise 
factor/figure/temperature (compared 
with Fig 3) at a receive location above 
the available noise power P,, ,,, of a 
lossless receiving antenna. High 
efficiency receiving antennas that are 
cooled can give lower received noise 
than the thermal noise of the 
reference temperature (in the 
denominator) so that negative external 
noise figures (for instance the cosmic 
background radiation) are explained. 
(k = 1.38 x 10° Ws/K; B, = equivalent 
noise bandwidth in Hz) 


of the external noise. Data taken from an 
extensive worldwide measuring cam- 
paign (Figs 5 to 7) replace the CCIR 
report 322 data that has been used for 
many years. 


This data serves as a reference point for 
receive system concepts. The data in the 
three diagrams are principally for anten- 
nas with Omni directional characteristics. 
A deviation of approximately +5 dB can 
be expected for highly directional HF 
antennas for atmospheric noise due to 
lightning; this is dependent on the an- 
tenna adjustment and operating location. 
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100 
Receive frequency in Hz 


Fig 5: External noise level in the frequency range from 1Hz to 10kHz in 
accordance with [6]. It shows atmospheric noise: a) The maximum intensity 
expected that is rarely exceeded; b) The minimum intensity expected that it 


rarely falls below. 


In each case the solid curves show 
expected minima. These models are dis- 
cussed in [7]. The interpretation margin 
is large, since the basic conditions are 
variable and unstable which makes more 
exact characterisation difficult! 


For example for the frequency range 
around 227MHz measurements shown in 
[8] compared with those in [6] indicate 
the values for the antenna noise figure in 
a business environment to be 4.2dB and 
8.5dB higher than in a residential envi- 
ronment. This data was taken from about 
3.3 million individual mobile measure- 
ment values along 480km of roads in the 
Swiss canton Zurich. Current measure- 
ments from the British Broadcasting 
Company (BBC) and the Munich Insti- 
tute for Radio Technology (IRT) would 
confirm these values. The introduction of 
electronic devices and increase in build- 
ing in recent years has led to a great 
increase in man-made noise. For the 
computations in [8] another definition of 
the antenna noise figure is used then in 
[6] and in Fig 4 is fixed. Because of the 
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large radiation angle for omni antennas 
above 1.5m the measurements in [8] 
show the earth noise received is mainly 
dependant on the ambient temperature. 
Additionally the levels determined for 
the man-made noise lie far above thermal 
noise. 


Due to these two facts the difference is 
due to the different definitions used for 
the antenna noise figure in [8] and there- 
fore no further correction is required. 


4. 


Possible field strengths 
disturbance 


The possible field strength disturbances 
due to external noise expected can be 
shown from the approach in [7] 
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Receive Peau in MHz 
Fig 6: External noise level in the frequency range from 10kHz to 100MHz in 
accordance with [6]. They are shown in by intensity: 
a) Atmospheric noise (Maximum, overrun for more than ~ 0.5% of the time) 
b) Atmospheric noise (Maximum, overrun for more than ~ 99.5% of the time) 
c) Technical noise (Quiet rural location) 
d) Galactic noise 
e) Technical noise (Noisy industrial location) 
For example the external noise that can be expected below 6MHz for 99% of 
the time will be between a) and b). 


-) eB e100: sail 2 +Giy 


(Gl. 2) 


E (B- cas )® Fygg + 20- i; ae 


receive bandwidth an external noise fig- 
ure of at least 34dB is estimated in 


where accordance with Fig 6. 
BE, Oe The field strength disturbance level that 
noise field strength in dB cane expected ls: 
V/m 
aan) E ,(B 4, = 9kHz)* 34dB +20: (a) 
F.4, — external noise figure in dB ME: 
1a = working frequency Hz +39.5dBHz — 100.348( ~ | +1.8dBi ~ 
Brag = equivalent noise bandwidth m 
of the receive bandwidth in —7.7dB (uV /m) 
dBHz Expressed as a voltage this is 0.4uV/m. 
G,,, = antenna gain in dBi At an urban location, which is strongly 


For reception in the 41m band using a 
short vertical receiving antenna with a 
gain of approximately 1.8dBi and 9kHz 


influenced by technically generated ra- 
diation emittances it must be increased 
by up to 22dB field strength disturbance 
as shown by curve e) in Fig 6. For 
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Fig 7: External noise level in the frequency range from 100MHz to 100GHz in 

accordance with [6]. They are shown in by intensity: 

a) Technical noise (noisy industrial location) 

b) Galactic noise 

c) The galactic centre (with narrowest antenna lobe) 

d) Quiet suns (antenna with 0.5° beamwidth directed at the centre) 

e) Oxygen and water vapour (with narrowest antenna lobe at 0° or 90° 
elevation) 

f) The cosmic background radiation as an absolute minimum with 
(a noise temperature of 2.7K) 


reception at the centre of the VHF broad- -10. ig 
cast band with an appropriate receive Bras He G13 
bandwidth of 120kHz the conditions 
change: where 
97.75MHz B = equivalent noise bandwidth 
E(B. sqp = 120kHz = 10dB + 20-19 1MHz Si for the receive bandwidth 
used in dBHz 


= equivalent noise bandwidth 
for the receive bandwidth 
used in Hz 


+ 50.8dBHz -100.3dB(1/m)+1.8dBi ~2.1dB(uV/m) B &: 
R 


Expressed as a voltage this is 1.3nV/m. 
With very strong industrial noise on the 
receiving channel and with 120kHz The background for this is described in 
bandwidth gives a field strength distur- more detail in [1]. 

bance level of approximately 17dB 

(uV/m). For the receive bandwidth the 

equivalent noise bandwidth for calcula- 

tions is the -—6dB bandwidth of the 

receiver with a small (good) shape factor 

were used in each case. The following 

conversion applies: 
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5: 


Conclusion 


It can be determined: For reception under 
35MHz the weakest receivable signals 
today by using a state of the art designed 
receiver are only rarely determined by 
the receiver sensitivity. The equation (Gl. 
1) is practically almost always fulfilled. 


The requirements regarding good sensi- 
tivity and high intermodulation perform- 
ance [1] are diametrical opposed to each 
other and inappropriate small receiver 
noise level leads to losses for the large 
signal compatibility [1]. For higher re- 
ceive frequencies the weakest receivable 
signals are actually determined by re- 
ceiver sensitivity! In these cases the 
advantages of a noise-optimised receiv- 
ing system are apparent, for example in 
chapter V.1 in [1] this is introduced and 
explained. 


I must thank Dipl. Ing. Harald 
Wickenhdéuser and Dipl. Ing. Markus 
Ortner for the technical discussion in the 
course of producing this article. 
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Extending the range of a Racal 
Dana 1991 Frequency Counter 


to 12GHz 


I 


Introduction 


There are low priced frequency counters 
from Racal Dana on the surplus market. 
The type 1991 frequency counter has 2 
inputs, the main input is specified to 
160MHz and the second input is speci- 
fied to 10OOMHz. The type 1992 has a 
third input specified to 1.2GHz. Both 
frequency counters have a 9-digit dis- 
play. There are various options, for ex- 
ample an IEEE488 interface. There are 
more counters, | or 2 channel, in the 
series 19.91 — 1998; all use the same 
motherboard so they have the same con- 
nection pins for the channels. Similarly 
the board locations for the auxiliary 
PCBs is the same so they can be modi- 
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fied for additional channels. 


The specified measuring range of the 
type 1991 is only up to 160MHz but it 
actually works up to nearly 220MHz. 
The function of the third channel was 
examined using the service manual [1]. It 
is essentially a preamplifier with a pas- 
sive level control and a divide by 64 
counter. The divide by 64 counter is only 
useful to 1.3GHz. There must be still 
more possible. 


To investigate how the frequency counter 
can actually perform the appropriate pins 
on the motherboard are activated as if the 
third channel was present. An RF signal 
generator with a level of +13dB was 
connected to the pin that the divide by 64 
signal uses and the frequency was in- 
creased until the counter began to miss- 
count. The frequency limit was deter- 
mined to be 240MHz. 


Fig 1: A model 
1991 with the 
modifications 
described showing 
12.65GHz. 
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So the maximum possible input fre- 
quency is: 240MHz - 64 = 15.36GHz. 
Why not build a third input port that still 
counts at least to the 3cm band? After 
some development of the Racal Dana 
1991 a third channel with a frequency 
limit increased by a factor of 10 was 
produced. 


Modification of the counter is described 
in the following article. 


2. 


The modification 


After studying the original circuit it was 
decided to use the control circuit section 
and put the new RF module on a separate 
PCB piggybacked on the control PCB. 
But the RF PCB had to be designed. 


The control PCB uses an MC10115 tri- 
state ECL receiver. It contains 3 receiv- 
ers with 2ns switching time and schmitt 
trigger characteristics. Commercial IC 
cannot simply replace this IC. The supply 
resistors for the MC10116 were changed 


the left is the front 
panel PCB with the 
input channels A 
and B in a shielded 
box. 


to cope with the higher frequency range. 


Like the original circuit, the new circuit 
contains a signal detector that only ena- 
bles the counter if the signal level is high 
enough for counting. On the control PCB 
the level measurement was immediately 
before the divider. The first prototype 
signal detector did not work reliably 
between 7 and 10GHz. Therefore the 
signal detector has an adjustment trim- 
mer R27 to adjust for reliable operation. 


A 2.2pF capacitor was later added to the 
control PCB. It is in parallel with the 
180Q2 R21 to compensate for a drop in 
level above 150MHz. That corresponds 
to 12.5GHz at the RF input. The two 
capacitors C51 and C52 (15pF) are re- 
moved. A 180Q SMD resistor was sol- 
dered between pin 4 and pin 5 of IC U2A 
to prevent overloading IC U2A. This 
became apparent because a double fre- 
quency was displayed occasionally at 
low frequencies (under 1GHz). Resistors 
R39, R68, R69 were removed. The hys- 
teresis of the signal detector was too 
large so it did not trigger occasionally. 
R62 was changed to 100Q and R29 to 
18kQ. 
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The photograph in Fig 12 shows the old 
PCB layout with the components sol- 
dered in place. The PCB layout has been 
changed for a later version (R29 is on the 
circuit diagram is 100kQ instead of 
18kQ). 


The RF PCB is made from of 0.8mm 
thick FR4 material. The conductor width 
is not exactly appropriate for SOQ imped- 
ance. The impedance is approximately 
65Q. but that is still acceptable. 


All coupling and decoupling capacitors 
for 12GHz consist of parallel connected 
capacitors of: 100pF + 10pF + IpF. The 
lpF capacitor is particularly important at 
12GHz. The larger capacitors behave 
inductively at this frequency. 


The input amplifier uses two-cascaded 
NBB300 amplifiers from RFMD. They 
have a gain of 12dB up to 12GHz. Two- 
cascaded HMC363S8G divide by 8 
counters from Hittite follow; these are 
specified up to 12GHz. 


An ERA3 broadband amplifier that raises 
the signal from the divider to the level 
required by the control PCB follows the 
divider. The supply voltage of 12V is 
taken directly from the power supply of 
the counter (Fig 3). 
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Fig 3: The wire running across the 
PCB is a direct connection to the 12V 
power supply. bas 


Fig 4: A view of the right hand side of 
the counter. The connections for the 
RF PCB can be seen on the main 
PCB. 


—o bn 


3. 


Construction 


The control PCB was designed with two 
SMD components and wired compo- 
nents. 


There are IC bases with precision con- 
tacts with plastic bodies that overhang 
the PCB by 1.5mm. It is advisable to 
solder these on both sides first with a fine 
point soldering iron. The contact strip 
that connects to the motherboard requires 
a bent socket strip. Some components 
were added later in the photograph (Fig 
4), e.g. the 150Q SMD resistor at the 
input of IC U2A. 


The RF PCB consists of double-sided 
0.8mm FR4 PCB material and only uses 
0602 SMD capacitors and 0804 SMD 
resistors. All of the RF ground connec- 
tions to the ground surface are first 
drilled with a 5mm hole and hollow 
rivets used as plated-through holes. It is 
important that the lower ground surface 
has the same potential at 12GHz as the 
ground connections on the topside other- 
wise the PCB will not work correctly. 
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Fig 6: Component 
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The SMD components are then fitted. 


The 12GHz coupling and decoupling 
capacitors consist of a 100pF capacitor 
and 10pF capacitor soldered next to one 
another then the 1pf capacitor is soldered 
on top. The two counter ICs are tacked to 
the PCB by two corner legs after the 
ground surface under them has been 
tinned and covered with flux. The surface 
under the ICs is then heated from below 
until the solder under their ground pad 
melts ensuring that not too much solder 
has been used because that may short out 
other connections. The remaining legs 
can then be soldered in place. The RF 
tracks should be tinned sparingly. 


The SMA socket is soldered to the PCB 
with a clearance of approximately 2mm 
from the PCB. The 4 ground connections 
are soldered from both the top and 
bottom. Then the centre conductor pin is 
heated from the bottom side and solder 
fed in to fill the gap. Only a branded 
socket specified for 12GHz should be 
used, it should be gold plated with Teflon 
insulation. 


The RF PCB is attached to the control 
PCB using two 10mm long hexagonal 


Oo 0 ©0000 O = 
0000000 


© 
©) poovedo2 


spacers. The holes for these must be 
drilled in the PCB and insulating washers 
used on at the connection to the control 
PCB. The control PCB is screwed to the 
side plate with spacers. The control PCB 
has to be cut out along the outside edge 
so that it fits into the counter. 


4. 
Notes 


Removing the rear framework opens the 
case of the counter; it is fastened with 2 
screws. The cover can then be removed 
towards the rear of the counter. Next the 
IEC bus plate is removed. It is fastened at 
the front with 2 screws holding a bracket 
and with 2 screws on the IEC bus socket. 
The plate can then be removed carefully. 
It is still connected with a ribbon cable to 
an IC socket this can be removed care- 
fully. Next the front panel is removed. 
The two nuts attaching the BNC sockets 
and 4 countersunk screws that attach the 
front panel to the sides are removed. The 
printed circuit board at the front is fas- 
tened with 4 screws these are removed. 


Fig 7: Reverse side 
2 © PCB layout of the 
oO6 control board. 
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After the printed circuit board is removed 
it reveals holes next to the LEDs that 
display the input functions. The surface 
layer can be removed with a glass fibre 
pin using a turning motion in this hole 
until the foil becomes visible. The rel- 
evant LEDs are already fitted. The Racal 
1991 only differs from the 1992 by the 
missing components for third input and a 
different front panel foil. 


Next a suitable hole for an SMA socket is 
drilled in the foil using the existing pilot 
hole of the front panel. Make sure the 
centre mark is used because the cutout in 
the front panel has an anti-twist hole for 
the BNC socket. It is easy to make the 
hole in the wrong place. An SMA socket 
should be used having a cable attached 
with a plug to connect to the RF PCB. 


When the socket including the cable is 
fitted the assembly of the front panel is 
carried out in reverse order. Be careful 


Fig 10: Revrse side 


with the plug connecting the front panel 
to the motherboard. Try the counter after 
this is complete to ensure that everything 
works correctly. 


Now fit the control board connecting it to 
the correct row of pins. The counter 
should now announce itself as a 1992. 
Two new functions should be available 
indicated by the front panel LEDs. The 
third input should be selected when mov- 
ing up and down and the frequency 
relationship between channel 2 and 3 
should be correct. 


Select the third input port. Attach a signal 
generator to JP2 pin 2 via a InF coupling 
capacitor with the ground on pin 5. The 
level should be about 0.5V. 64 times the 
frequency of the signal generator should 
appear on the display. Adjust R27 so that 
the counter is just disabled. So far every- 
thing is correct, switch the counter off 
and fit the RF PCB on to the control 
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PCB. Also attach the cable from the front 
panel SMA connector to the RF PCB. 


Switch the counter on and select channel 
C. The display should swing wildly, 
something between 6 and 8GHz. Attach- 
ing a microwave signal generator should 
stop that if the PCB is working correctly. 
It should indicate the frequency supplied 
by the signal generator. Sensitivity may 
vary between approximately -30dbm at 
100MHz and -15dbm at 12.5GHz. See 


Fig 12: View 
showing the control 
PCB fitted without 


mounted. 


Fig 13 showing the response curves. 
Potentiometer R27 adjusts the threshold 
where no swinging is indicated. The 
sensitivity is not so high everywhere, in 
particular between 7 and 10GHz the level 
is already -9dbm before the counter is 
enabled. The cause is the level detector 
on the RF PCB it is much less sensitive 
between 7 and 10GHz. 


If everything is satisfactory, assemble the 
counter in reverse order. A comprehen- 


65 75 8,5 9,5 10,5 11,5 


—— without level control 


with level control 


Fig 13: The response curves, one without level control and the second with the 
level control set so that "0" was displayed with no signal input. At each 
frequency the signal level was increase until a stable reading was obtained. 
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sive function test of the completed unit 
should be carried out. 


5. 


Sources of supply of the special 
parts 


Possible suppliers are: 


MC10116; 
electronics.com 


NBB300; http://farnell.com/ 


http://www.abra- 


oe 
HMC363S8G; http://www.hittite.com/ 


Hollow rivets; http:/(www.reichelt.de - 
Part no.: RIVETS 0,6MM 


6. 
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Paolo Antoniazzi, IW2ACD and Marco Arecco, IK2WAQ 


High Performance 10GHz Dish 
Tests Using a Simple 20dB 1W 


Amplifier 


How to measure more than 40dB F/B and side lobes of quality 
antennas with a simple, but powerful amplifier 


Most manufacturers of high perform- 
ance microwave antennas offer pa- 
raboloids with a typical Front-to-Back 
(F/B) ratio of 40 to 65dB. A high 
performance microwave antenna may 
also use a shroud absorber and a 
radome in addition to the components 
normally used in quality dishes. 


Quality antennas with such very high 
performance are not usual on the 
10GHz amateur band, but this is a new 
interesting field for simulation and 
testing. We are working with simula- 
tion and preparing for measurements 
that today are very difficult. Our first 
step was the use of more output power 
for the test signal. Our solution is 
realised with the Toshiba module 
TMD1013-1, a simple 1W 10GHz am- 
plifier with gain >20dB. 


1. 
The Paraboloid 


Simple and inexpensive, the paraboloid is 
the most widely used microwave antenna 
reflector. The illumination pattern should 
yield uniform phase and amplitude distri- 
bution over the surface of the dish, 
without spillover (no energy missing the 
reflector). The reflector of this antenna 
would not deviate from a true paraboloid. 
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Assuming an electrically transparent 
structure supporting the feed and no 
ohmic losses in the system, the ideal 
antenna would be 100% efficient, i.e. the 
aperture will produce the full theoreti- 
cally available gain. In the real world 
that is not possible and it may not even 
be desirable to achieve these characteris- 
tics. For example, the system engineer 
may want very low sidelobes, in which 
case he may have to pay dearly in 
efficiency. Losses are introduced by: 


e Phase error across the aperture 
e Amplitude distribution taper 


e Spillover (energy lost by radiation 
from the field not incident on the 
reflector) 


e Aperture blockage 


e Cross-polarisation (unwanted po- 
larisation) 


e Radome and ohmic losses 


The departure from uniform phase across 
the aperture of a paraboloid can be 
ascribed to the scattering from, and 
blocking due to, the primary feed and the 
systematic deviation from a true parabola 
of the reflector. Surface tolerances nor- 
mally are responsible for between 0.1 
and 0.5dB of the loss in microwave 
antennas. Perfect accuracy is unattain- 
able, and construction of a precise sur- 
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Phase error of a good reflector 0.20 
Phase error of feed 0.50 
Amplitude taper 0.70 
Spillover 0.50 
Aperture blockage 0.15 
Cross polarisation 0.15 
Ohmic loss 0.10 
Total gain loss (dB) 2.30 
Efficiency 59% 


face is very expensive. The generally 
accepted rule-of-thumb figure is that the 
permissible deviation is 1/32 to 1/16 
wavelength. 


As an example, a paraboloid reflector of 
circular aperture, having a diameter of 25 
wavelength and typically tapered illumi- 
nation will have an additional sidelobe 
level of -20dB when the rms deviation of 
the reflector is 1/32 wavelength (about 
1mm at 10GHz) if the correlation interval 
is one wavelength. 


The ideal paraboloid antenna would in- 
clude a feed with a well-defined phase 
centre. In practice, the familiar feed horn 
does not have a phase centre that is well- 
defined for all angles subtended between 
the centre and edge of the reflector. This 
shortcoming introduces a phase error that 
is usually greatest at the edge of the dish. 
The positions of the feed must be a 
compromise. 


A uniformly illuminated circular aperture 
yields a radiation pattern with a first 
sidelobe that is about 18dB below the 
main beam. To improve the first few 
sidelobes, to reduce spillover and to 
improve the front-to-back ratio of the 
dish, the designer employs a primary 
feed that provides a tapered distribution 
across the face of the dish. Also it is very 
desirable from the stand-point of effi- 
ciency to illuminate the parabola uni- 


0.20 0.20 
0.30 0.20 
0.80 0.20 
0.20 0.20 
0.20 0.20 
0.15 0.20 
0.10 0.10 
1.95 1.30 
64% 74% 


formly, it is very undesirable and ineffi- 
cient to allow the feed to radiate in such 
a way that energy spills over the edge of 
the reflector. Losses due to taper plus 
spillover are typically 1.0 - 1.2dB. 


Energy reflected from the parabola, and 
then incident upon the feed supports, 
generally is reflected in arbitrary direc- 
tions and is essentially lost. The magni- 
tude of this effect depends on the ratio of 
the blocked aperture to the total aperture. 
The blockage loss can be approximated 
by: 


Gain reduction (dB) = 10 log,,(1 - B) 


where B is the ratio of aperture blockage 
to the total aperture area. 


An offset paraboloidal reflector can 
avoid all aperture blockage, but the com- 
plexity of the feed make it useful only 
under special conditions. Other gain 
losses are likely to exceed the saving 
associated with avoiding aperture block- 
age. 


Due to the feed pattern, and the ge- 
ometries of both the feed and the para- 
bolic reflector, some energy is radiated 
with incorrect polarisation. The cross- 
polarised energy is lost as far as a gain 
measurement is concerned (0.1 - 0.2dB) 
and therefore reduces the total antenna 
efficiency. 


Antenna materials are less than perfect 
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Fig 1: Chaparral feeder for TV Sat 
(10.7 - 12.75GHz). 


and a small part of the RF signal is 
converted to heat in waveguide walls and 
on the reflector surface. This loss is 
normally small and essentially independ- 
ent from the feed design. 


To conclude: for many years, a horn feed 
at the focal point has been considered the 
standard for paraboloidal antennas, but a 
help can be obtained today from modern 
simulation and manufacturing technolo- 
gies. An estimate of the loss budget for 
modern 10 - 12GHz antennas (2 - 3m 
diameter) is given in Table 1. 


For an important analysis of the losses in 
microwave parabolas see also [1]. 


Non paraboloidal dish surface and pre- 
cise shaped sub-reflector are needed to 
obtain over 70% efficiency, but it is not a 
difficult task to realise a Chaparral style 
feed to obtain 60% efficiency 10GHz 
dish. 
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Fig 2: 3D view of the feeder described 
by NEC-Win Pro simulation software. 


2. 


Simulation of the Feeder 


Starting from the need of an efficient 
paraboloid dish (not lower than 60%) for 
10GHz experimentation and thanks to a 
modern simulation tool like NEC-Win 
Pro 1.6, the decision was taken to accu- 
rately analyse a circular feed optimised 
for a direct focused dish with F/D of 
0.38. All the simulation patterns are 
relative to a circular waveguide horn with 
internal diameter of 20mm driven from a 
vertical and nominally 4/4 probe. 


The dimensions of the traps that are 
movable on the waveguide are similar to 
the values of a commercial version of 
Chaparral style feed used in the past for 
the 10.7 - 12.75GHz TV Sat band (Fig 1 
& 2). 


Starting from a 108cm paraboloid dish 
we selected a 7dB edge attenuation for 
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Max Gain (Front) 
Gain = 6.768 dB 


Elevation = 2 De; 


Gain = -4341 dB 
Elevation = -173 Dez 
= 3d B (Lett of Max) 


Fig 3: Pattern of 
the waveguide feed 
without traps @ 
10.350GHz. 


Gain = 3.742 dB 


Elevation = -43 Deg 
= 3dB (Right of Max) 
Gain = 3.708 dB 
Elevation = 42 Deg 
3.dB Beamidth 
85 De: 


Front/Back Ratio 
11.109 dB 


the Radiation Angles because of the 
about 3dB of added space attenuation 
(for —10dB amplitude taper). 


The circular waveguide projection of the 
feeder can be optimised to have about the 
same radiation angle in both perpendicu- 
lar directions: azimuth and elevation. The 
system is relatively broadband as shown 
from the diagram at 10.350GHz (Fig 3 & 
4). The SWR is low and the imaginary 
part of the impedance practically flat 
versus frequency (Fig 5). 


Pattern Analysis 


Max Gain (Front) 
Gain = 6.737 dB 


Elevation = 14 Deg 


Gain = -25.041 dB 
Elevation = -166 Deg. 


= 30B (Left of Max 


é 


\x 


raise 


Gain Field Tests 


To obtain an accurate far field (or Fraun- 
hofer) pattern of a dish antenna [2] — [6] 
a first requirement is that the measure- 
ments must be made at a distance at 
which the field at the antenna under test 
approximates to a uniform plane wave. 


This occurs when the distance "d" be- 
tween the source and the receiving aerial 


Fig 4: Pattern of 
Chaparral feed 
with 5.6mm trap 


Gain = 3.488 dB 


Elevation = -47 Deg 
- 3B (Right of Max) 
dB 


Elevation = 46 Deg 
3B BeamWidth 
93 Deg 
Front/Back Ratio 
31.778 dB 
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10.25 10.30 10.35 


satisfy the relation: 
d (2D’)/’ 


Here “D” is the diameter of the dish and 
X the operating wavelength (in metres). 


In this case it is accepted that a maximum 
phase difference between the path at the 
centre and at the edge of the antenna will 
be 4/16 or, in other words, 22.5° electri- 
cal degrees. 


Applying these considerations to our case 
the minimum distance becomes: 


d= 80.7m(for D=1080mm and 
f=10.368GHz ) 


imum 
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10.40 (GHz) 


This distance is very large and not com- 
patible with the area available for our 
experiments, my house garden. So we 
decided to make the tests with a more 
reasonable distance (24m ~ A/5) taking 
into account the error introduced by this 
decision: -3dB as can be seen in the Fig 6 


[6]. 


In the Fig 6 there are vertical lines that 
define the threshold between the near 
field or Fresnel zone on the left and the 
far field zone on the right. The area 
between the two vertical lines is the 
transition zone between the near field and 
the far one. 


Fig 6: Antenna 
gain loss vs source 
to dish normalised 
distance. 


| Fraunhoffer or 


| Far-Field Region 
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To reduce the possible effect of ground 
reflected waves, the transmitting antenna 
(horn with 17dB gain) has h = 4m. To 
have the maximum flexibility in the 
source positioning and to evaluate possi- 
ble ground reflections, a photographic 
tripod with continuous height adjustment 
has been used. 


The dish under test has been put at h = 
1m to help the pointing operations. 


The free-space attenuation, in decibels, 
between transmitting and receiving an- 
tenna can be computed with the follow- 
ing: 
Loss 10log(4nd/Ay - G,-G 
32.45 + 20log(f) + 20log(d) 
TOR 
Here, “f’ is frequency in GHz, “d” is the 
distance inm, “G,” and “G,” in dB. 
Considering that Narda Reference Horn 
gain G, = 17dB (measured) and calcu- 
lated Dish G, = 38dB the total free- 
space attenuation Loss became = 25.4dB. 


Pointing the Horn has been performed by 
finding the maximum received signal. 
Pointing the dish has caused two prob- 
lems which made the operation difficult 
and not so accurate: the parabola dimen- 
sion and the lack (in the testing phase) of 


a fine adjustment system for both azi- 
muth and elevation angles. 


The 10.4GHz power level available at the 
output of the 1W amplifier (the input is 
from a Marconi 6058B Generator), to 
feed the horn source antenna is com- 
pletely satisfactory for all the measure- 
ments normally difficult because of the 
necessary filters, cables, isolators and 
attenuators. 


We changed the source height (+/- 18cm) 
to find the possible maximum and mini- 
mum of the received signal in order to 
detect the presence of reflections by the 
ground. Good results have been obtained 
with and without the beech absorbers put 
in the wave reflection area (along the 
radio path and at about 5m from the 
parabola site). Remember that according 
to J.F.Aubin [2] the measurement error is 
of +/-1.5dB max if the test area offers at 
least 15dB of Direct to Reflected Path 
Ratio. The field test results are very 
good considering that the parabola posi- 
tioning is very difficult because its radia- 
tion angle is lower than 2°, at -3dB 
power gain. To verify this result we 
confirmed the power gain evaluation 
through sun noise measurements. 
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4. 


Wave Reflection from the 
Ground and Microwave 
Absorbers 


We made many checks on the reflected 
wave question. The complete results are 
in a processing phase. 


In the field tests of dish gain microwave 
absorbers are very useful. A good micro- 
wave absorber material must have sev- 
eral qualities. The reflectivity should be 
low to avoid reflection on the surface of 


a 


L 
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Fig 8: 1W 10GHz 
amplifier circuit 
diagram. 


the absorber and the penetration depth 
should be small in order to have a 
reasonably thin absorber. Matzler, in 
1970 (Reference not available) measured 
the permittivity of various materials at 
10.5GHz. His results lead to the conclu- 
sion that beech wood has optimal proper- 
ties to construct a microwave absorber. 


The reflection of the electromagnetic 
waves on a plane boundary depends not 
only on the material, but also on the 
incidence angle. For normal incidence 
the polarisations do not differ. For all 
other angles, the horizontally polarised 
wave is reflected more strongly. If possi- 
ble, the Brewster angle of 57.4° is used 
(complex reflection index: n = 2.4 + 
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VDD = 10V 
IDD = 1.6A 


j0.38), where the vertically polarised re- 
flection becomes zero. 


Practically from 0° to about 45° the 
reflectivity is lower than 10% both for 
horizontal and vertical polarisation. We 
made a lot of beech panels of about 70 x 
30 x 3 cm (Fig 7). One single panel in the 
direct path attenuates the 10GHz signal 
by about 10dB. The panels were very 
useful to limit the reflected wave in 
outdoor gain tests. 


Fig 11: Output vs 
input power of 
10GHz amplifier. 


5. 
A Powerful Amplifier 


Following many unsatisfactory measure- 
ment with the 10mW output from the 
Marconi 6058B oscillator, many losses 
related to cables, isolators, etc, and the 
availability from a telecom surplus sup- 
plier of a pair of 1 - 2W Toshiba 
modules, we started to manufacture the 
amplifier. In Fig 8 shows the circuit 
diagram (the output SWR circuit is exter- 


Fig 12: Measuring 
the amplifier. 
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Wiican... ited for” Se 2 
nal) and Fig 9 shows the simple PCB 
layout made using 0.8mm FR4. We 
include Fig 10 showing the pin connec- 
tion of the TMD1013-1. According to the 
datasheet it gives a typical 33dBm out- 


put. Also see the measured values in Fig 
11. 


Sines! LE 


6. 


Conclusion 


Measurements of F/B and Side Lobes of 
Paraboloid Antennas are not easy, but 
testing of the new High Performance 
Dishes is quasi impossible for Hams. An 
important aid is a power amplifier. With 
20dB higher levels in the Reference 
Horn, the use of bandpass filters and 
ground reflection absorbers we can in the 
near future start to test new very high 
performance paraboloid dishes (Fig 13) 
that today are only simulated at both 
10GHz and 2.4GHz band. 
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AFig 13: Very high quality 
293) dish to be tested. 
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No, I do not want to use lead 
free solder, especially for 
microwave projects! 


1. 
RoHS 


The European RoHS directive is to limit 
the use of six hazardous substances. 
RoHS means “Restriction of the use of a 
Hazardous Substances in electrical and 
electronic equipment”. Most of the states 
have adopted it or similar versions. 


Lead, cadmium and mercury relate di- 
rectly to the electronics industry and in 
particularly tin soldering that should no 
longer contain lead. 


2. 
Lead 


The harmfulness of lead is known and 
ingestion of low doses leads to neurologi- 
cal disorders and even birth defects. A 
high dose of lead causes poisoning of the 
body (lead poisoning). While it is true 
that the alloys of lead can cause risks, it 
is limited (low temperature use) for as- 
sembly of electronic components. 


Note that the lead used in the electronics 
industry represents about 0.5% of the 
total production. Here is the distribution 
of the main uses of lead: 
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e Batteries 79% 
e Ammunition 5% 


e Paints + chemistry 4.7% 


3. 
Tin/lead solder 


Before this directive, the electronics in- 
dustry used alloys containing mainly tin 
and lead. The eutectic alloy, 37% Sn / 
63% Pb, has a remarkable property be- 
cause it goes directly from the solid state 
to the liquid state without going through 
the pasty state (Fig 1). This greatly 
facilitates soldering items that are not 
fully locked together and gives it a shiny 
appearance. 


While tin melts at 232°C and lead at 
327°C, as most alloys, it melts at a 
temperature lower than those of its con- 
stituents. Its melting temperature of 
183°C is moderate. It is possible to use a 
thermostatically controlled iron at 320°C. 


Other metals, such as 1 or 2% of copper 
and silver, can be added to improve the 
mechanical strength or electrical conduc- 
tivity. They do not substantially change 
the above essential eutectic property. 
They give the possibility of soldering on 
surfaces covered with these metals with- 
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Fig 1: The phase 


diagram of tin-lead 


solder. 


Liquid 


40 60 


Sn/Pb ratio 


out dissolving them and creating brittle 
inter-metallic areas. For the same pur- 
pose gold is also added for joints on 
golden surfaces. 


On the other hand, plumbers use lead rich 
alloys because the pasty state phase 
allows a degree of plasticity to “work” 
the solder. 


4. 


Lead free solders 


The objective is to find these soldering 
characteristics with little or no lead. 
Unfortunately all of the alloys without 
lead offer a melting point higher than 
classic tin/lead alloys. One of the most 
used alloys is the SAC 305 alloy: 


e 95.5% Tin, Silver 3.5%, 0.3% cop- 
per 


melting temperature 217°C 


e recommended iron temperature 
340°C to 420°C 


This means that the soldering iron tem- 
perature must be higher than usual and its 
life will be reduced. The component and 
the printed circuit must withstand these 
higher temperatures. 


The performance of a solder without lead 


is radically different from that of the 
classic tin/lead alloy. The general contact 
and sprawl on the circuit offers more stiff 
contact angles on the periphery of the 
joint. 


5. 


Joints using lead or lead free 


Professional guidelines are very restric- 
tive. Contamination in a solder without 
lead significantly reduce the reliability. 


However [3] describes how a product 
with lead solder can be repaired manually 
with lead free solder and vice versa. The 
method is to remove the former alloy in a 
harsh manner with de-soldering braid and 
re-soldering with the new alloy. However 
this is discouraged for BGA components. 


6. 
Other difficulties 


Because of the temperature increases, 
moisture accumulated in components can 
generate a greater number of popcorn 
type defects (component explosion) or 
de-lamination of PCB substrates. Solder- 
ing of components with thin pins can no 
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c 
longer be done continuously. 


The whiskers: under the effect of me- 
chanical stress outgrowth of tin develops 
in the form of very fine wire. Growth 
occurs some time after soldering and it 
can cause short circuits in connectors or 
component pins. Although their appear- 
ance remains largely unexplained, ways 
to resolve the problem have been re- 
searched. Several ways have been experi- 
enced, but the results remain limited. It is 
one of the reasons for the restriction on 
the use of tin/lead solder in severe appli- 
cations. 


qs 


Soldering RoHS components 
with ordinary solder 


According to the indications given in [3], 
already cited in paragraph 5 above, this is 
possible. The most recent components 
are virtually all RoHS. For my part, I use 
compliant SMD components and I have 
not found any particular difficulty in 
soldering them with my ordinary lead 
solder. I use the Sn + Cu alloy or better, 
the variant Sn + CU + AG. 


As for old components that have stayed 
for ten or twenty years in a drawer, it 
may be useful to scrape them with a 
scalpel to refresh the RoHS surface when 
their appearance seems little poor! 


8. 


Conclusion 


A few years after that legislation has 
decided on the main deadlines to replace 
lead in solder alloys, demand remains 
vague and no standard substitute for 
tin/lead has emerged. 


The problem of the whiskers is not yet 


174 


VHF COMMUNICATIONS 3/2011 


solved and although some techniques can 
delay or eliminate the appearance of this 
phenomenon, it may be fatal in some 
applications such as military, medical 
and aerospace electronics. Consumer 
electronics, whose life and reliability are 
not the major criteria, can accept these 
criteria. 


Under these conditions, as an amateur 
scientist, I have neither obligation nor 
interest to use lead free solder for my 
projects that are not marketed. In addi- 
tion, if I compare the kilograms of lead 
from the battery in my car, changed 
every three years, with the weight of my 
thousands of solder joints on SMD com- 
ponents, there is comparison. The major 
distributors of components and materials 
for electronics, professional and the gen- 
eral public, should restored tin/lead sol- 
ders in their catalogues. 
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André Jamet, F9HX 


‘c. 


A Versatile VHF Bandpass filter 


1. 


The component 


A component that is very useful for VHF 
bandpass filters. It is a two coils arrange- 
ment housed in two metal enclosures 
welded together. The coupling between 
windings is by a hole in the joining wall. 
The mode of coupling is mixed, induc- 
tive and capacitive. 


It is the NEOSID 25252/5118 36 (Fig 1). 
I have used this component for years, for 
example in a 2m-band transceiver [1] and 
synthesisers [2,3]. The characteristics are 
the following. 
e L=53 to 72nH adjustable by ferrite 
core 


e Q> 150 at 120MHz 
e Case: 7x 14x 12 mm 


This filter is usable at VHF from 
100MHz up to 160MHz. 


2. 


Tuning 


Each coil can be tuned by one or two 
capacitors to get low impedance (about 
50 to 150Q) or high impedance (a few 
kQ), for input and/or output. 


To tune at 145MHz we need 18 + 100pF 
for LZ (Low impedance) and 15pF for 
HZ (High impedance) [including all ex- 
ternal capacities] see Fig 2. 


31 Ei $82 E2 
Fig 1: Neosid filter diagram. 


Fig 2: Arrangement to get LZ or HZ 
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4. 
LZ/LZ Application 


Fig 4 shows an LZ/LZ arrangement. Fig 
5 shows the attenuation versus frequency 
curve. It is normalised at OdB for the 
central frequency. A light over coupling 
can be seen producing a flattened curve 
at 145MHz. This filter is low loss at the 
nominal frequency. Both LZ input and 
3 output is convenient to link two MMICs 
° and an antenna to a MMIC. 


Test bench 


Fig 3 shows the test bench used to test in 
situ various filter arrangements. 


Fig 5: Att ti 
BAND PASS FILTER LZ / LZ setuid educate. 
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a 
HZ/LZ applications 


Fig 6 shows an HZ/LZ arrangement. It is 
valuable to link a junction transistor and 
an MMIC. Fig 7 and 8 show the 
attenuation versus frequency curves. A 
light over coupling can be seen produc- 
ing a flattened curve at 145MHz. Fig 7 is 
obtain with a 2N2369 5MHz transistor, 
Fig 8 with a BFR 92 5GHz transistor. 
The collector capacitance of the first 
transistor is 4pF instead of 0.6pF for the 
later. Therefore tuning needs 10 and 
12pF respectively. Moreover, a damping 
effect appears with the first that upsets 
the attenuation for low frequencies. In 


Fig 6: Circuit 
diagram of an HZ / 
LZ arrangement. 


ai Out 


100 pF 


both cases the power gain is about 10dB. 
Both curves are normalised for 0dB at 
145MHz. 


6. 
LZ/HZ applications 


A typical application of LZ/HZ is to 


match a 50Q antenna and a dual gate 
MOS-FET like BF 998. 


2N2369 


BAND PASS FILTER HZ / LZ 


Fig 7: Bandpass 
filter HZ / LZ with 
2N2369 transistor. 
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BFR92 


BAND PASS FILTER HZ / LZ 


Fig 8: Bandpass 
filter HZ / LZ with 
BFR90 transistor. 


ai 


Conclusion 


This VHF filter is useful for a lot of 
applications. 
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The UK Six Metre Group 


www.uksmg.com 


With over 700 members world-wide, the UK Six Metre Group is the world's largest 


organisation devoted to 50MHz. The ambition of the group, through the medium of its 56- 
page quarterly newsletter 'Six News' and through its web site www.uksmg.com, is to 
provide the best information available on all aspects of the band: including DX news and 
reports, beacon news, propagation & technical articles, six-metre equipment reviews, 
DXpedition news and technical articles. Why not join the UKSMG and give us a try? For 
more information contact the secretary: Dave Toombs, G8FXM, | Chalgrove, Halifax Way, 
Welwyn Garden City AL7 2QJ, UK or visit the website. 
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R. Lentz, DL3WR 


Remembering 30 Years Ago: 


Circulators and Isolators 


An article from VHF Communications Magazine issues 1/1972 and 2/1972 


Circulators and isolators are used ex- 
tensively in the professional microwave 
technology and are also becoming 
more and more popular at UHF and 
VHF. These components are expensive 
and are difficult for the radio amateur 
to obtain or manufacture, and are 
therefore only used where inavoidable, 
e.g. in parametric amplifiers. 


The number of radio amateurs experi- 
menting at UHF and SHF is increasing 
and they will be very interested in 
circulators that can be manufactured 
inexpensively according to a new proc- 
ess. 


1. 


Terms 


Circulators are electromagnetic compo- 
nents having three or more connections 
(ports) in which RF-energy circulates in 
one direction from one port to another 


whereas a relatively high attenuation oc- 
curs in the opposite direction. In addition 
to this, all ports are matched. The clear 
symbols for three-port and four-port cir- 
culators are given in Fig 1. 


Four-Port Circulators operate accord- 
ing to the principle of a non-reciprocal 
phase-shifter, and also according to Fara- 
day's law of induction. 


They are used in the radar technology 
due to their high power capability. 


Three-Port Circulators have become 
popular for microwave applications, es- 
pecially simple Y-type Junction circula- 
tors. Such junction circulators use a 
symmetrical Y (or T) junction of three 
lines (waveguide or stripline). A ferrite 
body is arranged at the centre of the 
junction. 


Lumped-Constant Circulators (with 
lumped inductances and capacitors) are 
used for frequencies below approxi- 
mately 1GHz since they are smaller than 
junction types for such low frequencies. 
Both lumped-constant and junction circu- 


Fig. 1: Symbols of 
four-port and 
three-port 

2__ {circulators giving 


the circulation 
direction. 
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Transmitter 
(f2) 


antenna 


Fig. 2: Application of a three-port circulator as a duplexer. 


lators are to be described in more detail 
in the following sections. 


The (low) attenuation in the circulation 
direction is called Insertion Loss and is 
in the order of tenths of a dB. The 
attenuation in the opposite direction is 
called isolation and amounts to 20dB or 
more. Further important magnitudes are 
the Standing Wave Ratio (VSWR) at 
the ports and the Bandwidth of the 
circulator. Due to the method of opera- 
tion, resonance effects occur which limit 
the useful frequency range. However, 
even the types with the lowest bandwidth 
have a bandwidth sufficient for amateur 
applications. 


Isolators have only two ports: The inser- 
tion loss in very low in the forward 
direction whereas a high isolation 
(attenuation) is present in the opposite 
direction. a magnetically biased ferrite 


Parametric 
amplifier 
(Pararmp) 


from 
antenna 


Terminating resistor 


| = | 


core which absorbs the electromagnetic 
waves in one direction but does not 
influence them in the other direction, is 
the most important part of both isolators 
and circulators. 


2: 
Application 


The most popular application of the 
circulator is probably as duplexer where 
a transmitter and receiver are connected 
to a common antenna. In this manner, the 
circulator decouples the receiver from the 
transmitter and provides a low-loss path 
from the transmitter to the antenna and 
from the antenna to receiver (Fig 2). 
Normally, transmitter and receiver oper- 


antenna mixer 


to IF 
~ Parametric 
amplifier amplifier 


Fig 3: Parametric amplifiers are provided with a defined input and output 
impedance by addition of a circulator. 
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Transmitter 2 


>20dB 


to 


Transmitter 1 mela 
i’ enna 


Terminating resistor 


Fig 4: Two transmitters working into 
a common antenna via a circulator. 


ate at different frequencies within the 
bandwidth of the circulator so that addi- 
tional filters can be used to increase the 
limited isolation in order to allow simul- 
taneous transmission and reception. 


Circulators are also used as coupling 
links between a signal source and the 
input of circuits possessing a negative 
impedance (e.g. tunnel diodes or para- 
metric amplifiers) as well as for passing 
the amplified signals to the output (Fig 
3). Since the circulator separates the 
reflected signal from the forward signal 
and feeds the former to a terminating 
resistor where it is absorbed, the result in 
an amplifier with only two ports which 
operates very constantly even when the 
source and load impedances vary. In 
principle this arrangement would also be 
possible with a three-port circulator, 
however, without terminating resistor. 


A further application for terminated cir- 
culators is to decouple two or more 
transmitters connected to the same an- 
tenna in order to reduce intermodulation 
distortion (Fig 4). If no such isolation 
was present, the energy from one trans- 
mitter could pass to the other and cause 
third-order intermodulation products. The 
terminating resistor need only be dimen- 
sioned for the reflected power and can be 
deleted completely in some cases. The 
transmitters can either operate at differ- 


Fig. 5: Phase-locking of an oscillator. 


ent frequencies within the bandwidth of 
the circulator or on the same frequency 
(for doubling the power). 


Circulators can also be used for phase- 
locking a diode oscillator to an external 
signal (Fig 5). In this case, the oscillator 
is connected to the first port, the refer- 
ence signal (at lower power) to the 
second; the synchronized output signal is 
then taken from the third port. 


The application of an isolator need not be 
explained in any great detail: it is used 
where the reaction of a fluctuating load is 
to be isolated from an oscillator or 
amplifier. A typical example of this is the 
pump oscillator (e.g. klystron) of a para- 
metric amplifier which must be kept from 
the fluctuating impedance of the varactor 
diode (Fig 6). However, an isolator will 
not be required in this position if the 
power level of the pump oscillator allows 
a basic attenuation setting of 6dB or 
more for the attenuator. 


3s 


Principle and Construction 


3.1 Lumped-Constant circulators 


The construction and basic relationships 
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Isolator 


Fig 6: Block diagram of a parametric amplifier using two three-port 


circulators and a isolator. 


can be shown in conjunction with 
lumped-constant circulators usually used 
for frequencies below approximately 
1GHz [1], [2], [9]. This type represents a 
balanced, non-reciprocal configuration of 
three inductances that are arranged on a 
ferrite disc so that the magnetic fields of 
the three inductances are shifted by 120° 
to another (Fig 7). Additional discs for 
the return path of the RF-field are ar- 
ranged above and below the main disc. In 
addition to this, a magnetic DC field 
exists perpendicular to the surface of the 
disc for providing magnetic bias up to the 
vicinity of the ferromagnetic resonance 


®,. This frequency has the following 
dependence on the magnetic bias H,: 


0, =V7xH,-42xM, 


Where: 

Y = gyromugnetic relationship; a 
constant that is usually 
assumed to be 2.8MHz/Oe 
(Oersted). 

4nMS = magnetic saturation of the 


associated ferrite material 
in G (Gauss). 


If the ferrite disc were not present, the 
voltage fed to port 1 would induce 


Fig 7: Equivalent 


inductances are 
brought to 
resonance with the 
aid of series 
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Fig 8: The magnitude of the magnetic 
bias determines isolation, insertion 
loss and bandwidth. 


equally great voltages into inductances 2 
and 3 due to the balanced arrangement. 
Due to the magnetic disc, the magnetic 
coupling between the inductances be- 
comes non-reciprocal; this means that the 
coupling from inductance | to inductance 
2 is not the same as from inductance 2 to 
inductance 1. This non-reciprocality 
causes the attenuation or isolation in the 
reverse direction. 


An analysis of the lumped constant circu- 
lator shows that the following conditions 
must be fulfilled for ideal circulation at 
any frequency o: 


Oxl, ( + \) R 
mag aa 
Defy a 1 

= Ge 


characteristic impedance 

C = capacitance in series with 
each inductance 

proportional to the 
inductivity of one of the coils 
without ferrite 


om 


effective scalar 
permeabilities of the ferrite 
material for positive or 
negative circular polarized 
fields. 


A typical run [1] of the characteristic 
curves as a function of the magnetic bias 
is shown in Fig 8 


These equations still do not provide the 
complete basis for practical construction. 
For example, the difference between pt" 
and wp at a given frequency depends on 
the degree of magnetic bias in the ferrite 
material. The value required for L, is 
dependent on this. The operating point of 
the magnetic bias can by no means be 
selected at will since the bandwidth and 
also the insertion loss will increase when 
the magnetic bias approaches resonance. 
On the other hand, the insertion loss also 
increases when the operating point is far 
from resonance. 


The equations therefore only guarantee a 
good isolation at one certain frequency. 
At other frequencies, the isolation is 
reduced and the insertion loss increased. 
The bandwidth over which the isolation 
is greater than 20dB - the minimum for 
practical purposes - is given by the 
following equation: 


202008 02x i(H4] 
a) Motu 


The lowest operating frequency in MHz 
for practical purposes can be expressed 
as: 


f, ¥2.8x4aM , 


The magnetic saturation value 4nM, for 
normal materials [3], [4] is between 100 
and approximately 5000 Gauss. 


It will be seen that a material with a low 
magnetic saturation is required for VHF 
applications. A value of less than 100 
Gauss is required for operation below 
280MHz. Unfortunately these materials 
tend to have very poor temperature char- 
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Attenuation 


Bat 
2 
¢ 
6 
+ 
x 
¢ 


Fig 9: Extension of the bandwidth of 
an X-band stripline circulator using 
double-tuned circuits. 


acteristics. 


Circulators with magnetic operating 
points above the ferromagnetic resonance 
exhibit lower bandwidths and require 
considerably greater magnetic bias for 
higher frequencies. 


Good operating points are to be found 
just below the resonance frequency. The 
isolation tends to drop here but the 
insertion loss as well. The final selection 
of the operating point naturally depends 
on the special demands of the applica- 
tion in question. Lumped-constant circu- 
lators have been constructed and oper- 
ated at frequencies from UHF down to 
35MHz. The insertion loss is 0.3dB at 
400MHz, over 0.8dB at 10OMHz and up 
to 2dB at 35MHz. Typical values are 
given in Fig 9 for a double-tuned micro- 
stripline circulator 


3.1.1 Isoductor or Gyrator 


One special type of circulator with 
lumped elements is a component which 
has been designated Isoductor (Melabs) 
or Gyrator (Microwave Ass.). This com- 
ponent does not have one important 
characteristic of a circulator: the match- 
ing at the connections. One can assume it 
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Fig 10: An isoductor. 


to be the core of a circulator with lumped 
elements but without transformation 
links, connections and matching elements 
(Fig 10). The isoductor or gyrator is 
therefore smaller and less expensive than 
a circulator. However, it will be able to 
be used for the same applications as a 
circulator if external matching links are 
provided. For this reason, this component 
is extremely suitable for use in stripline 
circuits. Another advantage is that the 
resonant frequency of a circulator built 
up in this manner is determined by the 
matching links and can thus be shifted in 
a relatively wide frequency range. Of 
course, it is also possible for such a 
circulator to be matched with the aid of 
the matching links to other impedance 
values than 50Q. 


The impedance at the three connections 
of a gyrator or isoductor consists of the 
ohmic resistance r, and a parallel induc- 
tivity 1,. For this reason, it is necessary 
for matching links to be provided at 
connection | and 2 whereas connection 3 
is terminated with a resistor (R3) and a 
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parallel capacitance (C3) as shown in Fig 
11. The values of R3 and C3 can be 
determined with the following formulas: 


1 


2 
ao xl, 


C3= 
R3=n" 

Whereby w=2rf; with f = required oper- 
ating frequency or centre frequency of 
the required frequency range. The iso- 
ductor or gyrator will operate as a circu- 
lator within the frequency range in which 
the inductivity 1, is compensated for by 
C3. At resonance, the stopband attenua- 
tion is theoretically infinity; at other 
frequencies, the stopband attenuation will 
fall. The bandwidth is determined by the 
loaded Q;: 


Fig 12: Typical characteristics of an 
isoductor LB-3. 


Fig 11: Matching 
of an isolator or 
gyrator. 


% 


Q, = ox, 
The lower the value of Q,, the wider will 
be the bandwidth. 


Typical calculated values for an isoduc- 
tor covering the 70cm band are given in 
Fig 12. This allows the values for R3 and 
C3 and for the transformation networks 
to be calculated. Fig 13 gives the stop- 
band and passband attenuation as a func- 
tion of frequency. As an example, the 
frequency characteristics of an isoductor 
type LB-3 when tuned to 435MHz have 
been drawn below this. It can be seen 


Fig 13: Standardized attenuation 
curves of the isoductor series LB-1, 
LB-3, LB-7. Below: Frequency 
characteristics calculated for a type 
LB-3 tuned to 535MHz. 
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from this that the bandwidth of this 
component is more than sufficient for 
radio amateurs. 


Table 1 gives the nominal specifications 
of the available isoductor types. 


3.2. Junction circulators 


Junction circulators are closely related to 
circulators with lumped elements. This 
relationship can be compared to that 
between cavity resonators and resonant 
circuits constructed from inductances and 
capacitors. Fig 14 shows a junction circu- 


Fig 14: Construction of a stripline 
junction circulator. 
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lator manufactured in stripline technol- 
ogy. The designation of this type of 
circulator originates from the symmetri- 
cal Y-shaped line junction. 


The ferrite disc in the centre of the 
junction represents a dielectric resonator. 
The smaller the diameter, the higher the 
frequency. The relatively high dielectric 
constants of ferrite materials, which are 
12 to 15 times as great as that of vacuum, 
allow the construction of circulators for 
microwaves that are very compact. In the 
VHF and UHF range, on the other hand, 
it is possible to obtain more compact 
dimensions when using concentrated ele- 
ments since concentrated elements are 
very much smaller at lower frequencies 
than waveguide resonators or A/4 trans- 
formation links. 


Junction circulators [1], [5], [9] are con- 
structed in stripline, waveguide and 
micro-stripline configurations. At micro- 
wave frequencies, bandwidths of up to an 
octave are covered; at VHF and UHF, the 
bandwidth is limited to approximately 
40% of the operating frequency. How- 
ever, if only a relatively low bandwidth is 
required, more favourable specifications, 
lower cost and more compact dimensions 
are possible. Of special interest in this 
context is a special circulator manufac- 
tured by Melabs for parametric amplifi- 
ers on the 70cm, 24cm and 12cm bands. 
Table 2 gives the specifications and price 
(1965) of these three circulators. 
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Waveguide junction-circulators exhibit 
lower losses and a better standing wave 
ratio for the same stopband attenuation 
and bandwidth than coaxial types (e.g. an 
SWR of 1.05 and an insertion loss of 
0.1dB over a bandwidth of 15%). How- 
ever, waveguide circulators are larger 
than the appropriate stripline types at 
VHF anti UHF. 


3.3. Switching circulators 


Since the direction of circulation is de- 
pendent on the polarity of the magnetic 
bias, it is possible for the circulator to be 
used as a simple switch (without moving 
parts) by controlling this magnetic field. 
The field is then generated with the aid of 
an electromagnet or by a permanent 
magnet whose polarity is reversed by a 
short, high-current surge through a mag- 
netizing coil. The symbol of a switching 
circulator is given in Fig 15. 


The radio frequency characteristics of 


switching circulators correspond to those 
of equivalent conventional circulators. 
Further details are given, for instance, in 
[1], [5] and [9]. 


4. 


Isolators 


Isolators consist of a RF line (stripline, 
coaxial line or waveguide) into which a 
magnetically biased ferrite body is 
placed. The RF-energy is absorbed in one 
direction by the ferrite material and is not 
affected in the other direction. For opti- 
mum attenuation values the operating 
frequency must coincide with the gyro- 
magnetic resonant frequency of the fer- 
rite material. In this context, the opera- 
tion of an isolator coincides to that of a 
circulator. In principle, a three-port circu- 
lator will work as an isolator as long as 
one port is terminated with the correct 
impedance 
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Internet Treasure Trove 


SPICE 


Without the circuit simulation of SPICE 
today's level of development in electron- 
ics would be not conceivable. It is there- 
fore worthwhile to be familiar with it. 
When developing your own work there 
are moments when you need assistance to 
progress. Or you have devised something 
that you would like to make available to 
other people. There is a nice community, 
naturally free of charge where that is 
possible: 


Address: 
http://www. youspice.com/ys/home.3sp 


KO4BB’s homepage 


The homepage is already interesting and 
offers many things. However for the 
author the site was a pot of gold. I 
suddenly found an undreamt of quantity 
of the measuring instrument manuals that 
I had looked for for a long time. How- 
ever the lists contain everything and the 
sublists must be searched like a forest. 
For example I had never seen the manual 
for a Nelson Ross spectrum analyser 
module used in old Tektronix oscillo- 
scopes. I have had one in the cellar for 
decades. Really worth having a look. 


Address: 


http://www.ko4bb.com/cgi-bin/ 
manuals.pl 


Microwave power meter of 
information 


Who always wanted to know how the HP 
power meter works or has searched for 
documents or information on the measur- 
ing heads. That can be found here. 


Address: 


http://www.xertech.net/Tech/Pwr_Mtr/P 
wrmtr_main.html 


Hewlett Packard archives 


All companies should have access to 
their documents of older devices, it is 
good advertising and useful for customer 
relations. Here is a beautiful example. 


Address: http://www.hparchive.com/ 
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136kHz Technical Pages 


Something completely different to read 
but no less interesting. The possibilities, 
technology and problems of reception at 
such low frequencies. A nice and in- 
formative collection with short explana- 
tions. 


Address: 
http://www.gqsl.net/on7yd/136brew.htm 


RF Toolbox 3.8.0 


A useful collection of programs for an- 
tenna design that has been extended 
again. 


Address: 


http://www.brothersoft.com/rf-toolbox- 
269557. html 


Johnson's homepage 


This is an historic homepage with infor- 
mation on Tektronix and HP measuring 
instruments with their data listed includ- 
ing a photo in a gallery. 


Address: http://www.barrytech.com/ 


Tothpal Family 


The first impression is of a very simply 
and under developed homepage. Only if 
you scroll through the page do you 
realise that there are a number of more 
interesting topics. 


Address: 
http://tothpal.com/link/ 
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AC6V’s amateur radio & DX 
Reference Guide 


This one can keep you occupied for 
hours. 


Address: 
http://www.ac6v.com/ 


Note: Owing to the fact that Internet 
content changes very fast, it is not always 
possible to list the most recent develop- 
ments. We therefore apologise for any 
inconvenience if Internet addresses are 
no longer accessible or have recently 
been altered by the operators in question. 


We wish to point out that neither the 
compiler nor the publisher has any liabil- 
ity for the correctness of any details 
listed or for the contents of the sites 
referred to! 
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Back Issues 


Available either as photocopies or actual magazines. Issues from 
1/1969 to 4/2008 are £1.00 each + postage. Issues from 2009 are 
£4.70 each or £18.60 for all 4 issues + postage. See web site or 
page 34 of issue 1/2011 for back issue list. There are two back 
issue sets that contain the available "real" magazines at a 
reduced price, see web site for details. There are 4 DVDs 
containing a decade of back issues as pdf files. 1970s (including 
1969), 1980s and 1990s are £20.00 each and 2000s is £35.00. A 
Pre Owvieer (10) vetosct= WI  bumper DVD containing all 4 decades at £85.00. These prices 
include UK postage or surface mail overseas. Air mail postage 
is £1.00 for Europe and £1.50 outside Europe. 


Blue Binders 


A new was introduced in 2010 with an embossed spine. These 
binders hold 12 issues (3 years) and keep your library of VHF 
Communications neat and tidy. You will be able to find the 
issue that you want easily. Binders are £6.50 each + postage. 
(UK £0.90, Surface mail £1.90, Air mail to Europe £2.20, Air 
mail outside Europe £3.60) 


PUFF Version 2.1 Microwave CAD 
Software 


This software is used by many authors of articles in VHF 
Communications. It is supplied on 3.5 inch floppy disc or CD 
with a full English handbook. PUFF is £20.00 + postage. (UK 
£0.70, Surface mail £1.45, Air mail to Europe £1.60, Air mail 
outside Europe £2.60) 
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Compilation CDs 


Two CDs containing compilations of VHF Communications 
magazine articles are available. CD-1 contains 21 articles on 
measuring techniques published over the last 8 years. CD-2 
contains 32 articles on transmitters, receivers, amplifiers and 
ancillaries published over the last 5 years. The articles are in pdf 
format. 


Each CD is £10.00 which includes 2™ class postage in The UK 
and surface mail overseas. Air mail postage is £0.60 for Europe 
and £1.00 outside Europe. 


VHF Communications Web Site 


www.vhfcomm.co.uk 
AMATEUR RADIO AND PROFESSIONALS Visit the web site for more information on previous articles. 
o) There is a full index from 1969 to the present issue, it can be 


searched on line or downloaded to your own PC to search at your 
af leisure. If you want to purchase back issues, kits or PUFF there 

ies is a secure order form or full details of how to contact us. The 
vol une AE honedee eee aoe web site also contains a very useful list of site links, and 
goss as downloads of some previous articles and supporting information. 


KM Publications, 503 Northdown Road, Margate, Kent, CT9 3HD, UK 
Tel / Fax +44 (0) 1843 220080, Email: andy@vhfcomm.co.uk 
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The international edition of the 
German publication UK W-Berichte 
is a quarterly amateur radio 
magazine, especially catering for 
the VHF/UHF/SHF technology. 

It is owned and published in the 
United Kingdom in Spring, 
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KM PUBLICATIONS. 
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in the next column. Orders for 
individual copies of the magazine , 
back issues, kits, binders, or any 
other enquiries should be addressed 
directly to the publishers. 


NOTICE: No guarantee is given 
that the circuits, plans and PCB 
designs published are free of 
intellectual property rights. 
Commercial supply of these designs 
without the agreement of the 
Author and Publisher is not 
allowed. Users should also take 
notice of all relevant laws and 
regulations when designing, 
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All rights reserved. Reprints, 
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Back Issues on DVD 


VHF Communications Magazine has been published since 1969. Up to 2002 it was produced by 
traditional printing methods. All these back issue have been scanned and converted to pdf files 
containing images of the A4 sheets that formed the AS magazine when folded in half. These have 
been put together on DVD in decade sets. 


From 2002 the magazine has been produced electronically therefore pdf files are available of the 
text and images. These have been used to produce the 2000s decade DVD. 


@? 1970s - 1980s - 1990s 


. \ ., 
VHF Communications Magazine \ns Magazine }ns Magazine \ | 


Adecadeof €8 Tne 49905 |The 1980s {muungis) || hese three DVDs cover the first 3 decades of the 

| magazine. The 1970s DVD contains all magazines from 
1969 to 1979 (44 magazines) the 1980s and 1990s DVDs 
contain 40 magazines for the decade. The DVDs are 
£20.00 each 


2000s 


VHF Communications Magazine 


A decade of Ce) The 2000s 
. 2 7 magazines 
This DVD contains magazines from 1/2000 to 4/2001 
. : The magazines on this DVD for the years 2000 to 2002 
in scanned image format and from 1/2002 to 4/2009 Aired scary ne trohal Ad page on each Peoe 
in text and image format. This DVD is £35.00 roplea clive Ae mepazi wher colt ed laa 
half. The magazines for the years 2003 to 2009 are pdf 


files in readable text and graphics format because from 
2003 the magazine production was all electronic 


| Bumper 4 decade 
| VHF Communications “si. DVD 


Four 
decades of release 1969 
magazines to 2009 


The magazines on this DVD for the years 1989 to 2002 
are scans of original magazines in pdf format. They are 


itthese page te pital obi sea hey al eres This DVD contains all magazines from 1969 to 2009. 
replica of the AS magazine when collated and folded in 


haf The magazines forthe years 2003 fo 2009 are pd That is 164 magazines. It also contains the full index 


files in readable text and graphics format because from : 
2003 the magazine production was al electronic for those 41 years in pdf and Excel format so that you 
can search for that illusive article easily. This DVD is 


just £85.00 - just 52 pence per magazine. 


To order, use one of the following: 
e Use the order form on the web site - www.vhfcomm.co.uk 
e Send an order by fax or post stating the DVD required (1970s, 1980s, 1990s, 2000s, 
Bumper) 


e Send the correct amount via PayPal - vhfcomms@aol.com - stating the DVD required 
(1970s, 1980s, 1990s, 2000s, Bumper) and your postal address 


Add £1.00 for air mail postage in Europe or £1.50 for air mail postage outside Europe 


Present in the radioamateur market since 2000, we trade various products chosen as what we 
deem best quality, but, we also design and manufacture some of our products: 

APSA | Band-pass filters for transmitting and receiving: 

: / |, AE-FPB20/3P4 20 metre Band-pass Filter 300W PeP 
| AE-FPB30/3P4 30 metre Band-pass Filter 300W PeP 

; : +} AE-FPB40/3P4 40 metre Band-pass Filter 300W PeP 
a 2p AE-FPB80/3P4 80 metre Band-pass Filter 300W PeP 

_ AE-FPB160/3P4 160 metre Band-pass Filter 300W PeP 

Great for multi operating on various bands, contests, activations, field days, RMS&PMBO 
stations Main advantages: drastic reduction of front-end saturation (Caused by inter 
modulation); possibility of interposing between TX and PA for operations with high power; 
cancellation of mutual interferences; minimum attenuation insertion (<0,5dB); maintaining 
typical 50 ohm impedance; low “Q” factor on the selected range; In and Out circuit shorted in 
DC; diecast aluminium box for a total shielding; toroidals inductors for maximum efficiency and 
minimal mutual coupling; silver mica capacitors for maximum thermal stability and RF transfer. 
Components are selected and calibrated one by one; mechanic inductors stabilisation 
(Antishock); each filter is characterised with serial number and frequency / attenuation curve; 
second harmonic attenuation —35dB (Typical); attenuation in the range 500—1700 KHz —60dB 
(Typical) 
Multi band wire “OFF CENTER FEED DiIPoLe Antenna” presently 
available in three versions: NEW “OC7L8/1K” for 10, 12, 17, 20, 
40, 80 and 160 metre - “OC6L4/1K” for 10, 12, 17, 20, 40 and 
80 metre and “OC3L2/1K” for 10, 20 and 40 metre bands Power 
rating 1 KW SSB Perfect for temporary or steady installations No ATU 
required Wide bandwidth High quality UV resistant materials BalUn: 
Dual core Guanella (Current) Treated and protected with urethane transparent film Very light 
and robust 
The wee RX WIRE Receiving antenna adaptor designed and manufactured to couple 50/75 
Ohm impedance coaxial lines with wire antennas Only for receiving High S/N ratio 5|0KHz— 
30MHz large band (Can be used even further) Low noise High efficiency In/output stage DC 
short-circuited Box in PVC Completely waterproof (Epoxy filled) IP 67 
Aspis Cobra and Venus mono band vertical antennas Small Very efficienct Large bandwidth 
High S/N ratio Pre tuned and ready to install All details featured on our web 


Special professional equipments and fitting outs We design, supply, install 
and support satellite and radio voice/data Communication Systems We realize 

base and mobile systems (Terrestrial, maritime and avionic) and we implement = 
existing installations (Photo RRK-DTJ Ready Radio Kit Data Terminal) (deen ae 


Moreover, a wide selection of whatever you need to build your antennas Including special 
cables, coaxial lines, PVC and ceramic isolators, guy lines, GRP masts, toroid cores, ladder line 
spreaders and all sorts of stainless steel AISI316 odds and ends Not just Ham equipment 
Also professional and nautical equipment Technical service 


